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Ac acetyl 

Alloc allyloxycarbonyl 

aq.  aqueous 

ATP  adenosine 5�-triphosphate 

BARF  tetrakis[bis(3,5-trifluoromethyl)phenyl]borate  �

BIPHEP 2,2'-Bis(diphenylphosphino)-6,6'-dimethoxy-1,1'-biphenyl  

Bn  benzyl 

Boc  tert-butoxycarbonyl 

BOPCl  bis(2-oxo-3-oxazolidinyl)phosphinic chloride 

Bu  butyl 

cat.  catalyst 

CM cross metathesis 

cod  1,5-cyclooctadiene 

conc.  concentration 

DBU  1,8-diazabicyclo[5.4.0]undec-7-ene 

DCE  1,2-dichloroethane 

DIBAL  diisobutylaluminium hydride 

DMAP  (N,N-dimethylamino)pyridine 

DMF  N,N-dimethylformamide 

DMSO  dimethyl sulfoxide 

dppe  1,2-bis(diphenylphosphino)ethane 

dppf  bis(diphenylphosphino)ferrocene 

DTBMP  2,6-di-tert-butyl-4-methylpyridine  

EDC  N-[3-(dimethylamino)propyl]-N’-ethylcarbodiimide 

ED50  50% effective dose 

ESI electrospray ionization 

Et  ethyl 

equiv equivalent 

LiHMDS  lithium hexamethyldisilazane 

LRMS low-resolution mass spectrometry 

HB(Pin)  4,4,5,5-tetramethyl-1,3,2-dioxaborolane  

HMBC heteronuclear multiple bond correlation 

HOBt 1-hydroxybenzotriazole 

HSP90  heat shock protein 90 



i-  iso- 

IC50  50% inhibitory concentration 

Ipc  diisopinocampheyl 

Me  methyl 

MOM  methoxymethyl 

MS mass spectrometry 

MTPA α-methoxy-α-(trifluoromethyl)phenylacetic acid  

NaHMDS sodium hexamethyldisilazane 

n-  normal-  

n.d.  not detected 

NHC N-heterocyclic carbene 

NMR  nuclear magnetic resonance 

Ph  phenyl 

Piv  pivaloyl  

PMB  para-methoxybenzyl 

PMP para-methoxyphenyl 

ppm  parts per million  

PPTS  pyridinium para-toluenesulfonate 

Pr  propyl 

quant  quantitative yield 

RCM  Ring-Closing Metathesis 

rt room temperature 

sat.  saturated 

t-  tertiary- 

TBS  tert-butyldimethylsilyl 

TBDPS  tert-butyldiphenylsilyl 

TES  triethylsilil 

TsOH  para-toluenesulfonic acid  

Tf  triflate 

THF  tetrahydrofuran 

TIPS  triisopropylsilyl 

TMS  trimethylsilyl 

Tr  trityl 

XBP-1  X-box binding protein 1 
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2.  
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Scheme 0-2 
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Scheme 0-3 
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2-3. Smith  E (19) 10c 

Smith 2000  

E (19) 

. - 2

50 49

-  (Scheme 0-5)  

 

Scheme 0-5 

 

 

 

 

 

 

 

 

 

 

 

 

532 2 54 3

 (Z)- .  (Scheme 0-6)

β- 55 1,3-
16 3 . 6 PT 51

52 Julia–Kocienski (E)-

50 49

57 Alloc .

. . Bis-Wittig

. 35

 E (19)  

 

 

 

 

 

NH

O

O

HO

OMe

OH

NH
S

O

thiazinotrienomycin E (19)
O

H
N

O

PhO2S NHTBS
OTBS

NH
S

O

I

O

O

49

13
12 11

OTBS

OMe

O

O

I

S
O O

N
N

NN

Ph

OTBS

OMe
O

H+

+

50

51 52

alkylation
amidation

Julia–Kocienski
olefination



 8 

Scheme 0-6 
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hydroboration employing pinacol borane was used, which
delivered fragmentB ina regioselective fashion (Scheme3).14

The Suzuki coupling of fragments A and B was espe-
cially challenging. However, after screening numerous
palladium sources and phosphine ligands, a remarkably
simple protocol was identified, inwhich fragmentsA andB
were exposed to Pd(dppf)Cl2 in the presence of sodium
hydroxide to furnish the product of C-C coupling 7 in
75% isolated yield (Scheme 2).
At this point, elaboration of 7 to the cytotrienin corewas

set as an initial goal of our first-generation synthetic
approach to the C17-benzene triene-ansamycins. Toward
this end, exposure of 7 to periodic acid in ethyl acetate
solvent directly provides aldehyde 8,15 which was subjected
immediately to conditions for chelation-controlled16 pen-
tadienylation.17 Gratifyingly, the desired adduct 9 was
formed in a stereoselective fashion. To install the cytotrienin
side chain, Hayashi’s protocol was employed.7f Specifically,
alcohol 9 was converted to the R-azido-cyclopropane car-
boxylic ester 10. Reduction of the azide followed by

acylation of the resulting amine 11 using cyclohexene
carboxylic acid delivers 12 (Scheme 4).
Elaboration of 12 to the cytotrienin A core requires

preparation of diene-containing carboxylic acid D. Pre-
viously, carboxylic acidDwas produced in 12 steps in 16%
overall yield.7f Hydrogen-mediated C-C coupling of
acetylene18 to the p-toluenesulfonate of hydroxy acetalde-
hydedelivers the indicatedproduct of (Z)-butadienylation,
which upon O-methylation and isomerization of the
diene19 provides the indicated (E)-homoallylic sulfonate.
Displacement of the p-toluenesulfonate by cyanide and,
finally, hydrolysis of the resulting nitrile furnishes car-
boxylic acidD in 7 steps from allyl alcohol in 32% overall
yield (Scheme 5). With carboxylic acid D in hand, com-
pound 12 is transformed to bis(diene) 13 via reduction of
the nitroarene employing NaBH2S3

20 followed by acyla-
tion of the resulting aniline (Scheme 4).
Initial exploration of the ruthenium catalyzed ring-closing

metathesis (RCM) reaction of bis(diene) 13 and related
model systems revealed exceptional sensitivity to both the
catalyst and the substituent at C11. For example, in model
studies involving the corresponding C11 TBS-ether of
bis(diene) 13, RCM using the Grubbs-Hoveyda-II cata-
lyst occurred to deliver the diene product exclusively.
Eventually, itwas found that diene formation is suppressed
for O-acyl derivatives at C11 and, gratifyingly, the actual
cytotrieninA side chain proved to be ideal. Thus, using the
indenylidene analogue of the first generation Grubb’s
metathesis catalyst,21 bis(diene) 13 is converted to the
cytotrienin A core in 43% yield. Difficulties encountered

Scheme 2. Synthesis of the Stereotriad-Containing Fragment A and Suzuki Cross-Coupling with Fragment Ba

a See Supporting Information for detailed experimental procedures.

Scheme 3. Synthesis of Fragment Ba

a See Supporting Information for detailed experimental procedures.

(15) (a) Wu, W.-L.; Wu, Y.-L. J. Org. Chem. 1993, 58, 3586. (b) Xie,
M.; Berges, D. A.; Robins, M. J. J. Org. Chem. 1996 , 61, 5178. (c) Curti,
C.; Zanardi, F.; Battistini, L.; Sartori, A.; Rassu, G.; Azzas, L.; Roggio,
A.; Pinna, L.; Casiraghi, G. J. Org. Chem. 2006 , 71, 225.

(16) Evans, D. A.; Allison, B. D.; Yang, M. G.; Masse, Craig, E.
J. Am. Chem. Soc. 2001, 123, 10840.

(17) Seyferth, D.; Pornet, J.; Weinstein, R.M.Organometallics 1982,
1, 1651.

(18) (a) Kong, J.-R.; Krische, M. J. J. Am. Chem. Soc. 2006 , 128,
16040. (b) Skucas, E.; Kong, J.-R.; Krische, M. J. J. Am. Chem. Soc.
2007, 129, 7242. (c) Han, S. B.; Kong, J.-R.; Krische, M. J. Org. Lett.
2008, 10, 4133. (d) Williams, V. M.; Kong, J.-R.; Ko, B.-J.; Mantri, Y.;
Brodbelt, J. S.; Baik,M.-H.; Krische,M. J. J. Am. Chem. Soc. 2009, 131,
16054.

(19) Yu, J.; Gaunt,M. J.; Spencer, J. B. J. Org. Chem. 2002, 67, 4627.
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 RCM  (Z)- 10 115  
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Scheme 1-2 
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2.  RCM 115  

127 . RCM  (Scheme 1-4, Table 1-1)

Grubbs .  (entry 1) 2 115

5 128 -

- . 1.

- 5 .

RCM  (Z)- 10

. . 26 2 . . entry 1

 (entry 2) 5 128 -

2  (entry 3)

Hoveyda-Grubbs Hoveyda-Grubbs . 115

2  (entries 4-6)

5 2  

 

Scheme 1-4 

 

 

 

 

 

 

 

Table 1-1 

entry catalyst cat. loading [mol %] conc. [mM] temp [ºC] 127 [%] 115 [%] 128 [%] 

1 Grubbs Ⅱ 10 10 rt 40 n.d. 16 

2 Grubbs Ⅱ 10  1 50 35 n.d. 30 

3 Grubbs Ⅱ 20  1 reflux 31 n.d. 34 

4 Hoveyda–Grubbs Ⅰ 10 10 rt 67 n.d. n.d. 

5 Hoveyda–Grubbs Ⅱ 10 10 rt 38 n.d. 16 

6 Hoveyda–Grubbs Ⅱ 10 10 50 33 n.d. 32 
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- 129 131 Scheme 2-4
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1341 131 .  (Scheme 2-5, Table 2-1)

Krische 11b 140

2  (entry 1) 16 -

. .

 (entries 2-5) K3PO4 . DMF

140  (entries 4-5) 131 2

. 134 TLC 2

29 134 -

.  

 

 Scheme 2-5 

 

 

 

 

 

Table 2-1 

 

 

 

 

 

 

 

 

 

 

                                                        
 - 9-BBN .

B- – 30  
 
 
 
 
 
 
 

entry solvent base time [h] yield [%]a 

1 THF/H2O NaOH    0.5 — 

2 1,4-dioxane K3PO4•nH2Ob 13 — 

3 1,4-dioxane K3PO4•nH2Ob 14 — 

4 DMF K3PO4•nH2Ob 8 26 

5 DMF K3PO4   0.5 30 

aisolated yield. bn = 1-2 

OMe

OMOM
NO2(Pin)B

134

N

O OTBS

I

MeO

Me
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Me 140
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136 140
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1. 129  

. 1.

129 (Scheme 2-6) Weinreb 139 DIBAL

141 .  (–)- [3,3]-

141 142 5 2  

 

 Scheme 2-6 

 

1. 31

. 6 γ 5 1 32 (Scheme 2-7) α

5 . 1,4-

[1,3]- 1,3-

1 33 .  

                                                        
 (–)- 2 γ-

α- . 34

 
 
 
 
 
 
 
 
 
 
† Yeung 2003 1. [1,3]-
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Scheme2-7 
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Scheme 2-8 

 

2. 130  

130 73 73

Krische . .

. .  

 (147) 148  (Scheme 2-9) 2

148 .  (bp 36 –37 ºC, 20 mmHg) 36 2 5 2

6 37 149

148 . - TMS

152

 

R H

O

O M

H
R O M

R

OH

R
γαM γ

OM

R γ

R

HO α

M = metal

γ-addition

OH

R γ
MH

M = Na, K

[1,3]

HO

TBSO

ITi(O-i-Pr)3

THF, –78 ºC
HO

TBSO

I

THF

KH, 18-crown-6

79% (2 steps)

O OTBS

I

HDIBALN

O OTBS

IMe

MeO

THF, –78 ºC

131 141 146 142



 23 

Scheme 2-9 
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 - RCM  

 

1. 154  

154 - 155 156

C13  (Scheme 3-2)  

Scheme 2-4 Weinreb 1312 156 Me2AlCl
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Scheme 3-3 

 

 

 

 

 

 

 

 

 

I

TBSO

HO

Me2AlCl

CH2Cl2,  –78 ºC

TMS

155

DIBAL

THF, –78 ºC

89% (2 steps)

N

O OTBS

I

MeO

131

O OTBS

I

H

156

11

I

TBSO

HO

155

(R)-(–)-MTPACl, DMAP

CH2Cl2

(S)-(+)-MTPACl, DMAP

CH2Cl2
quant.quant.

I

TBSO

O

O
Ph

MeO
F3C

I

TBSO

O

O
Ph

F3C
MeO

163 164

I

TBSO

O

O
Ph

MeO
F3C

*

–0.200

–0.238

+0.162

+0.163+0.027

+0.029

–0.058
–0.043

Δδ = δS (164) –δR (163) 

 (CDCl3, 400 MHz) 

O

O
Br

OMe
Br

O
Br

OMe
N3

O
N3

O

OMe

N3

O

OH

Br2, PBr3

then MeOH, TsOH•H2O

NaN3

DMF

DBU

DMF

aq 3 M KOH 

THF/H2O

91% 88% 65%
165 166 167 168

169
95%

I

TBSO

HO
155

Et3N, DMAP

CH2Cl2, 0 ºC

(COCl)2, DMF

benzene

11

I

TBSO

O

O
N3

15499%



 26 

2. 159  

158 - 159 . 159

- 2  (Scheme 3-4) 38 170

Horner–Wadsworth–Emmons

- 5 2 .
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Scheme 3-4 
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. α 173  (Scheme 3-5) 173 -

10 g - . α 2
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ZnBr2 1772  (E)- 178 .
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3. 158  

159 2 158  (Scheme 3-7)

. 43 C3 179

. K2CO3 . 180

2 60 181 C3 180

Mosher 182 183 Mosher -  

 

Scheme 3-7 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3-1 

 

 

 

 

 

 

entry base additive solvent temp [ºC] 158 [%]a 184 [%] 

1 LiOH•H2O — THF/H2O   0 64 21 

2 — LiI pyridine 110 — — 

3 Et3N LiI MeCN/H2O rt — — 

4 Et3N LiI MeCN/H2O 80 96 — 

aisolated yield 

Δδ = δS (183) –δR (182)  (CDCl3, 400 MHz) 

S N

S O OH

MeOTf, DTBMP

CH2Cl2
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H
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184

Hydrolysis
Table 3-1



 29 

  181  (Scheme 3-7, Table 3-1)  (entry 1) 

184 2

SN2 * (entry 2) 5

Et3N LiI . 44 (entries 3-4) 

80 ºC 5
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158 . –

157  (Scheme 3-8)  
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5. MIDA 1891  

N-  (MIDA, 185) 2 MIDA (Figure 3-1) 45

2 -

1 MIDA .

- - .

134 MIDA  

 

 

 

 

 

Figure 3-1 MIDA .  

 

134 NaIO4 186
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158 189  (Scheme 3-9)  

 

Scheme 3-9 
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–  

 

1. –  

154 189 – .

196  (190) 2 189  

(Scheme 3-10)  
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2. . –  

1961 198 . – (Scheme 3-12, Table 3-2)  

THF/H2O Pd(dppf)Cl2 .  (entries 1-2)

K3PO4 NaHCO3 . MIDA

5 - dppf -

. 47 .

NHC Buchwald . 5

(entries 3-5) NaOH . 196

 (entry 6) . Pd(PPh3)4

NaHCO3 . Ag2O48 2 22

2  (entries 7-8) TBAH 198 TBDPS

197  (entry 9) . F-

CsF .

 (entry 10) .

2 - .  (entries 11-13) 2

MIDA 1. – - 6

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                        
 - 154 MIDA 189 .

. 2  
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Scheme 3-12 

 

Table 3-2 

entry Pd cat. ligand base additive (equiv) result  

1 Pd(dppf)Cl2•CH2Cl2 — K3PO4 — no reaction 

2 Pd(dppf)Cl2•CH2Cl2 —  NaHCO3 — no reaction 

3 PEPPSI™-SIPr —  K3PO4 — no reaction 

4 SPhos Pd G2 — K3PO4 — no reaction 

5 SPhos Pd G2 — NaHCO3 — no reaction 

6 SPhos Pd G2 — NaOH — SM decomp. 

7 Pd(PPh3)4 — NaHCO3 — no reaction 

8 Pd(PPh3)4 — NaHCO3 Ag2O (1.0) no reaction 

9 Pd(PPh3)4 — TBAH — 65% (197) 

10 Pd(PPh3)4 — CsF — complex mixture 

11 Pd(OAc)2 P(o-tol)3 NaHCO3 — complex mixture 

12 Pd(OAc)2 PCy3 NaHCO3 — complex mixture 

13 Pd(OAc)2 t-Bu2PMe•HBF4 NaHCO3 — no reaction 
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BO

O
O

O
N

Me

196

I

TBDPSO

198

OAcTBDPSO

+

199

Pd cat.(10 mol %)
ligand (40 mol %)
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Scheme 4-3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2 Smith 10a . Brown

C11 212b

 90:10  (Scheme 4-4)  

. Piv TBS Appel

- 202 202 -

.   

 

 

 

 

 

 

 

1) MeNH(OMe)•HCl 
     AlMe3, CH2Cl2

2) TBSCl, imidazole 
     DMF, 50 ºC

NO

TBSO
OMe

Me

DIBAL

O

TBSO

H

OTBS

OTBS

O
N

O

BnHO

O

OTBS

quant

n-Bu2BOTf, Et3N

O N

O

Bn

O

86% (dr >95:5)

O H

OTBS

83% (2 steps)

CH2Cl2, –78 ºC THF, –78 ºC

Me2AlCl

CH2Cl2, –78 ºC

TMS

88%

TBSO

HO

OTBS

204 210 203

211 212a

11

TBSO

HO

212a

(R)-(–)-MTPACl, DMAP

CH2Cl2

(S)-(+)-MTPACl, DMAP

CH2Cl2

93%quant

TBSO

O

O
Ph

MeO
F3C

TBSO

O

O
Ph

F3C
MeO

OTBS
OTBS

OTBS

Cl

O
Ph

F3C
MeO

Cl

O
Ph

MeO
F3C

TBSO

O

O
Ph

F3C
MeO

OTBS

*
+0.096
+0.079

+0.039

+0.046

–0.038

–0.006

–0.019

213a214a

Δδ = δS (213a) –δR (214a) 

(CDCl3, 400 MHz) 

 



 37 

Scheme 4-4 
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A (22)  

 

1. RCM  

Ru . RCM - 219

 (Scheme 4-7, Table 4-1) Grubbs . . 22

220  (entries 1-2) Krische A (22) 

Grubbs 106 .

 (entry 3) Hoveyda–Grubbs  (entry 4)

Grubbs . 221

 (entry 5)  

− 1. . .

- 2

16 RCM RCM .

. C8-C9 5

.

.  

 

Scheme 4-7 

 

 Table 4-1  

 

 

 

entry catalyst additive (equiv) solvent time [h] temp [ºC] yield [%]a 

1 Grubbs Ⅰ 1,4-benzoquione (0.5) CH2Cl2 12 40 85 

2 Grubbs Ⅰ 1,4-benzoquione (0.5) toluene 12 40 84 

3 Grubbs Ⅰ analogue 1,4-benzoquione (0.5) CH2Cl2  2 40 85 

4 Hoveyda–Grubbs Ⅰ 1,4-benzoquione (0.5) CH2Cl2 15 40 80 

5 Grubbs Ⅱ — CH2Cl2 24 rt — 

a1H NMR yield 

O
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2. /  

. /  (Scheme 4-8, Table 4-2) Porco
25 -

 (entry 1)  Et3N
51 .

 (entries 2-4)  

. 52 SnCl2•2H2O

. 53 (entries 7-8) 21

A 200 TLC

2 SnCl2

63  

 

 

Scheme 4-8 
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entry reagent solvent time [h] yield [%]a 

1 Pd/C, H2 THF    0.5 — 

2 Pd/C, H2 THF/Et3N = 5/1    0.5 — 

3 Pd/C, H2 Et3N    0.5 — 

4 Pd/PEI, H2 THF 48 no reaction 

5 NaBH4, NiCl•6H2O THF/EtOH = 5/1 48 no reaction 

6 Al, NiCl•6H2O THF 48 no reaction 

7 SnCl2•2H2O EtOH 12 39 

8 SnCl2 EtOH 12 63 
aisolated yield 

HO

OMe

NH

O

PivO

TBSO

OMe

O

OMe

NO2
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OMe
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3. A 200  

A 200 1 220 IR

220 IR  (Figure 4-1, , ) 3200–3500 cm-1 OH1 NH
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 ((Figure 4-1, ) C1 C191 C21

ESI-MS 2 ([M+Cl]–) m/z 704 2
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Scheme 5-2 
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 NMR JEOL JNM-ECA-500 (500 MHz) JEOL JMM-ECS-400 (400 MHz) JEOL JNM-

ECX-400P (400 MHz) . 1H-NMR  

(Si(CH3)4: 0 ppm) δ ppm 13C-NMR

 (CDCl3: 77.0 ppm DMSO-d6: CD3SOCD3) δ

ppm s: singlet d: doublet t: triplet, dd: double doublet dt: double 

triplet td: triple doublet  ddd: double double doublet m: multiplet br: broad .

J  (Hz) 1H-1H COSY 1 HSQC .

 

 

2.  

 (TLC) Merck silica gel 60F254

Kanto silica gel 60N (spherical,neutral, 63-210 µm) 

Kanto silica gel 60N (spherical,neutral, 40-50 µm)  

 

3. 1  

. THF Na/

.

.  

5 .

 Celite545 ( )  
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 (R)-4-benzyl-3-((2R,3R)-3-hydroxy-2,4-dimethylpent-4-enoyl)oxazolidin-2-one (122) 

A solution of (R)-(–)-4-benzyl-3-propionyl-2-oxazolidinone (1.28 g, 5.50 mmol) in CH2Cl2 (22 

mL) was cooled to –78 °C, and Et3N (1.07 mL, 7.70 mmol) was added followed by di-n-

butylboron triflate (1.0 M in CH2Cl2, 5.5 mL, 5.50 mmol,). The reaction mixture was warmed to 

room temperature and stirred for 1.5 h. The mixture was re-cooled to –78 °C, and treated with freshly distilled 

methacrolein (500 µL, 6.05 mmol). The resultant solution was stirred for 40 min, warmed to 0 °C, and stirred 1.5 h 

further. Phosphate buffer (pH = 7.0) was added,  extracted with CH2Cl2 and the organic layer was concentrated 

under reduced pressure. The residue was then dissolved in MeOH/ H2O (1:1, 24 mL), the resultant solution cooled 

to 0 °C, 30% H2O2 (6.18 mL, 55.00 mmol) was added and the mixture stirred at 0 °C for 1 h. Excess H2O2 was 

decomposed at 0 °C by slow addition of 2.7 M Na2S2O3, the resultant mixture was extracted with EtOAc three times. 

The combined organic layer was washed with brine, dried over Na2SO4 and concentrated under reduced pressure. 

The residue was purified by silica gel column chromatography (hexane/EtOAc/CHCl3=2:1:9) to give 122 (1.37 g, 

4.52 mmol, 82%) as a colorless oil. ; 1H NMR (400 MHz, CDCl3) δ 7.36-7.20 (5H, m), 5.14 (1H, s), 4.99 (1H, s), 

4.72 (1H, dd, J = 9.5, 7.5 Hz), 4.43 (1H, s), 4.27-4.19 (2H, m), 3.97 (1H, dd, J = 7.0, 3.2 Hz), 3.28 (1H, dd, J = 13.4, 

3.2 Hz), 2.93 (1H, d, J = 3.2 Hz), 2.80 (1H, dd, J = 13.4, 9.5 Hz), 1.74 (1H, s), 1.20 (3H, d, J = 7.2 Hz) 

The spectrum data were identical with those reported previously55. 

 

 

 

 (R)-4-benzyl-3-((2R,3R)-3-((tert-butyldimethylsilyl)oxy)-2,4-dimethylpent-4-enoyl)oxazolidin-2-one (123) 

A solution of 122 (1.29 g, 4.30 mmol) in DMF (17.2 mL) was treated with imidazole (878 mg, 

12.90 mmol) and TBSCl (1.62 g, 10.75 mmol), heated to 50 °C and stirred for 22 h. The reaction 

mixture was then cooled to room temperature, poured into brine and extracted with 

hexane/EtOAc=1:1 twice. The organic layer was dried over Na2SO4, filtered and concentrated under reduced pressure. 

The residue was purified by silica gel column chromatography (hexane to hexane/EtOAc =5:1) to give 123 (1.72 g, 

4.13 mmol, 96%) as a pale yellow solid. ; 1H NMR (500 MHz, CDCl3) δ 7.35-7.21 (5H, m), 4.94 (1H, s), 4.84 (1H, 

s), 4.57 (1H, td, J = 6.6, 3.2 Hz), 4.35 (1H, d, J = 6.9 Hz), 4.18-4.12 (2H, m), 4.06-4.00 (1H, m), 3.28 (1H, dd, J = 

13.5, 3.2 Hz), 2.77 (1H, dd, J = 13.7, 9.7 Hz), 1.72 (1H, s), 1.21 (3H, d, J = 6.9 Hz), 0.91 (9H, s), 0.02 (3H, s), –0.01 

(3H, s) 

The spectrum data were identical with those reported previously55. 
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 (2R,3R)-3-((tert-butyldimethylsilyl)oxy)-2,4-dimethylpent-4-enoic acid (116) 

A solution of 123 (1.73g, 4.15 mmol) in THF/H2O (3:1, 27.3 mL) was cooled to 0 °C and treated 

with 30% H2O2 (5.6 mL, 49.20 mmol) followed by LiOH•H2O (516 mg, 12.30 mmol). The 

resultant mixture was stirred for 4 h at 0 °C and then quenched with 1.6 M Na2S2O3. THF was 

removed under reduced pressure and the aqueous solution extracted with dichloromethane twice. The combined 

organic layer was washed with brine, dried over Na2SO4, filtered, and concentrated under reduced pressure, affording 

the chiral auxiliary (656 mg, 90% recovery). The aqueous layer was acidified with 1 M HCl and extracted with 

EtOAc three times. The combined organic layer was washed with brine, dried over Na2SO4, filtered and concentrated 

under reduced pressure to give 116 (953 mg, 3.70 mmol, 90%) as a colorless oil. ; 1H NMR (500 MHz, CDCl3) δ 

4.95 (1H, s), 4.88 (1H, s), 4.33 (1H, d, J = 6.1 Hz), 2.64 (1H, dt, J = 13.4, 6.5 Hz), 1.70 (3H, s), 1.12 (3H, d, J = 7.0 

Hz), 0.89 (9H, s), 0.05 (3H, s), 0.01 (3H, s), 

The spectrum data were identical with those reported previously.10a 

 

 

 

2-hydroxy-5-methoxy-3-nitrobenzaldehyde (125) 

To a suspension of Cu(NO3)2•3H2O (664 mg, 2.75 mmol) in Ac2O (5.0 mL) at 0 ºC was added a 

solution of 124 (761 mg, 5.00 mmol) in Ac2O (5 mL, rinse 1 mL) dropwise under argon atmosphere. 

After stirring at 0 ºC for 40 min, the mixture was warmed to room temperature and further stirred 

for 4 h. The reaction mixture was poured into 150 mL of water and the yellow precipitate was collected by filtration. 

The resulting precipitate was washed with water twice and cold EtOH, dried under reduce pressure to give 125 (848 

mg, 4.30 mmol, 86%) as a yellow solid. ; 1H NMR (500 MHz, CDCl3) δ 10.90 (1H, s), 10.45 (1H, s), 7.86 (1H, d, J 

= 3.2 Hz), 7.72 (1H, d, J = 3.2 Hz), 3.88 (3H, s) 

The spectrum data were identical with those reported previously56. 

 

 

 

2-(1-hydroxybut-3-en-1-yl)-4-methoxy-6-nitrophenol (126) 

A solution of 125 (98.6 mg, 0.50 mmol) and allyltrimethylsilane (1.00 mmol, 159 μL) in 

CH2Cl2 (10 mL) was cooled to –78 °C. BF3•OEt2 (0.50 mmol, 63 µL) was added dropwise, 

the resultant solution stirred for 4 h at same temperature. Then, the reaction mixture was 

quenched with sat. NH4Cl and extracted with CH2Cl2 twice. The combined organic layer was 

washed brine, dried over Na2SO4, filtered and concentrated under reduced pressure. The residue was purified by 

silica gel column chromatography (hexane/EtOAc/CHCl3=2:1:9) to give 126 (96 mg, 0.40 mmol, 79%) as a yellow 

solid. ; 1H NMR (400 MHz, CDCl3) δ 10.79 (1H, s), 7.44 (2H, q, J = 3.2 Hz), 5.90-5.80 (1H, m), 5.20 (2H, dd, J = 

OMe

OH
NO2

O

H

OTBSO

HO

OMe

OH
NO2

OH
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7.5, 6.6 Hz), 5.14-5.10 (1H, m), 3.83 (3H, s), 2.70 (1H, dt, J = 13.9, 5.4 Hz), 2.46-2.39 (1H, m), 2.35 (1H, d, J = 4.5 

Hz) ; 13C NMR (100 MHz, CDCl3) δ 152.20, 146.94, 135.83, 133.88, 132.98, 124.19, 119.03, 104.60, 99.88, 67.68, 

55.93, 41.46 

 

 

 

2-(but-3-en-1-yl)-4-methoxy-6-nitrophenol (117) 

A solution of 126 (47.8 mg, 0.20 mmol) in dry CH2Cl2 (0.40 mL) was cooled to 0 °C. 

BF3•OEt2 (50 µL, 0.40 mmol,) was added followed by triethylsilane (64 µL, 0.40 mmol). The 

reaction mixture was warmed to room temperature, and stirred for 3 h. Then, the reaction 

mixture was quenched with brine/aq 1 M HCl= 3:1 solution and extracted with EtOAc twice. 

The combined organic layer was washed brine, dried over Na2SO4 and concentrated under reduced pressure. The 

residue was purified by silica gel column chromatography (hexane/EtOAc =6:1) to give 117 (41.0 mg, 0.18 mmol, 

92%) as an orange solid. ; 1H NMR (500 MHz, CDCl3) δ 10.76 (1H, s), 7.37 (1H, d, J = 3.2 Hz), 7.09 (1H, d, J = 3.2 

Hz),5.89-5.81 (1H, m), 5.06-4.99 (2H, m), 3.81 (3H, s), 2.73-2.67 (1H, m), 2.80 (2H, t, J = 7.6 Hz), 2.39 (2H, dd, J 

= 14.2, 7.6 Hz) ; 13C NMR (125 MHz, CDCl3) δ 151.69, 148.82, 137.34, 134.07, 132.88, 127. 38, 115.47, 103.09, 

55.79, 55.77, 32.98, 29.30 

 

 

 

(2R,3R)-2-(but-3-en-1-yl)-4-methoxy-6-nitrophenyl 3-((tert-butyldimethylsilyl)oxy)-2,4-dimethylpent-4-enoate 

(127) 

A solution of 117 (45.0 mg, 0.20 mmol) and 116 (56.9 mg, 0.22 mmol) in dry CH2Cl2 

(0.70 mL) was cooled to 0°C under argon atmosphere. EDC (38.3 mg, 0.20 mmol) and 

DMAP (24.4 mg, 0.20 mmol) was added at same temperature. Then, the reaction mixture 

was warmed to room temperature, and stirred for 6 h. The reaction mixture was poured 

into 1 M HCl, and extracted with EtOAc twice. The combined organic layer was washed 

with sat. NaHCO3 and brine, dried over Na2SO4 and concentrated under reduced pressure. 

The residue was purified by silica gel column chromatography (hexane/EtOAc =6:1) to give 127 (88 mg, 0.19 mmol, 

95%) as a yellow oil. ; 1H NMR (400 MHz, CDCl3) δ 7.39 (1H, d, J = 2.9 Hz), 7.03 (1H, d, J = 2.9 Hz) 5.83-5.76 

(1H, m), 5.06-4.88 (1H, m), 4.30 (1H, d, J = 8.1 Hz), 3.84 (1H, s), 2.97 (1H, t, J = 7.5 Hz), 2.67-2.55 (1H, m), 2.32 

(2H, t, J = 7.2 Hz), 1.81 (3H, s), 1.42 (3H, d, J = 7.0 Hz), 0.91 (9H, s), 0.08 (3H, s), 0.03 (3H, s) ; 13C NMR (100 

MHz, CDCl3) δ 172.59, 156.58, 145.27, 142.44, 138.40, 136.79, 135.65, 121.61, 115.85, 114.32, 107.51, 59.94, 44.59, 

33.52, 29.51, 18.19, 16.93, –4.66, –5.09 
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NO2
OH
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NO2
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4-methoxy-2-nitro-6-vinylphenol (135) 

To a solution of methyltriphenylphosphonium bromide (904 mg, 2.53 mmol) in THF (10 mL) was 

added to t-BuOK (283 mg, 2.53 mmo) at 0 , and stirred for 30 min at same temperature. The 

resulting mixture was warmed to room temperature and stirred 30 min further. Then 125 (202 mg, 

1.02 mmol) was added to a reaction mixture and stirred at room temperature for 3h. Then, the 

reaction mixture was quenched with brine/ aq 1 M HCl= 2:1 solution at 0  and extracted with EtOAc three times. 

The combined organic layer was washed brine, dried over Na2SO4 and concentrated under reduced pressure. The 

residue was purified by silica gel column chromatography (hexane/EtOAc =5:1) to give 135 (199 mg, 1.02 mmol, 

100%) as an orange solid. ; 1H NMR (400 MHz, CDCl3) δ 10.84 (1H, s), 7.46 (1H, d, J = 3.1 Hz), 7.39 (1H, d, J = 

3.1 Hz), 7.04 (1H, dd, J = 17.6, 11.1 Hz), 5.83 (1H, d, J = 17.7 Hz), 5.44 (1H, d, J = 11.0 Hz), 3.83 (1H, s) ; 13C 

NMR (100 MHz, CDCl3) δ 151.86, 147.93, 133.35, 130.15, 129. 25, 123.16, 117.57, 105.23, 55.94 

 

 

 

5-methoxy-2-(methoxymethoxy)-1-nitro-3-vinylbenzene (136) 

A solution of 135 (488 mg, 2.50 mmol) in THF (5.1 mL) was cooled to 0 °C, and NaH (178.0 mg, 

4.50 mmol) was added. The heterogeneous solution was stirred for 30 min and then chloromethyl 

methyl ether (285 μL, 3.75 mmol) was added same temperature. The reaction mixture was then 

warmed to room temperature, stirred for 2 h. The reaction mixture was quenched with sat. NaHCO3 

at 0 °C, extracted with EtOAc. The organic layer was washed with sat. NaHCO3 and brine, dried over Na2SO4, filtered 

and concentrated under reduced pressure. The residue was purified by silica gel column chromatography (hexane to 

hexane/EtOAc =6:1) to give 136 (591 mg, 2.47 mmol, 99%) as a yellow solid. ; 1H NMR (400 MHz, CDCl3) δ 7.25 

(1H, d, J = 3.2 Hz), 7.21 (1H, d, J = 3.1 Hz), 7.00 (1H, dd, J = 17.7, 11.1 Hz), 5.80 (1H, d, J = 17.4 Hz), 5.46 (1H, 

d, J = 11.1 Hz), 4.98 (1H, s), 3.84 (1H, s), 3.53 (1H, s), 3.83 (1H, s) ; 13C NMR (100 MHz, CDCl3) δ 155.43, 145.68, 

141.31, 135.00, 130.25, 130.23, 117.95, 117.93, 116.53, 108.58, 101. 15, 101.13, 57.80, 55.94 

 

 

 

2-(5-methoxy-2-(methoxymethoxy)-3-nitrophenethyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (134) 

To a solution of [Ir(cod)Cl]2 (5.4 mg, 8.1 µmol), 1,2-bis(diphenylphosphino)ethane (6.7 

mg, 0.017 mmol), toluene:1,2- dichloroethane =1:1 (320 µL) under argon at room 

temperature. Then   

4,4,5,5-tetramethyl-1,3,2-dioxaborolane (117 µL, 0.81 mmol) was added followed by 136 

(77.3 mg, 0.32 mmol). The resulting solution was stirred for 2 h. The reaction was quenched with MeOH (200 µL). 

After gas evolution ceased, brine was added and extracted with EtOAc three times. The organic layer was dried over 
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Na2SO4, filtered and concentrated under reduce pressure. The residue was purified by column chromatography 

(hexane/EtOAc = 5:1) to give 134 (111 mg, 0.30 mmol, 93%) as a yellow oil. ; 1H NMR (400 MHz, CDCl3) δ 7.12 

(1H, d, J = 3.2 Hz), 7.04 (1H, d, J = 2.9 Hz), 5.00 (2H, s), 3.81 (3H, s), 3.55 (3H, s), 2.82 (2H, t, J = 8.2 Hz), 1.23 

(12H, d, J = 4.8 Hz), 1.13 (2H, d, J = 8.2 Hz) ; 13C NMR (100 MHz, CDCl3) δ 155.32, 145.00, 142,43, 141.89, 

120.39, 106.56, 101.29, 83.22, 57.53, 55. 81, 24.77, 24.43 

 

 

 

(Z)-3-iodo-2-methylprop-2-en-1-ol (137) 

133 (1.12 g, 20.00 mmol) was added to a suspension of CuI (380.9 mg, 2.00 mmol) in THF (20 mL). 

The resulted solution was cooled to –15  and stirred for 30 min, then a solution of MeMgBr (3.0 M 

in Et2O, 13.3 mL, 40 mmol) was added to a reaction mixture over 20 min and the stirring was continued 

for 1h at –10 ºC. A solution of I2 (6.09 g, 24.00 mmol) in Et2O : THF =1:1 (10.6 mL) was added to a reaction mixture, 

then stirred at room temperature for 1h. The reaction mixture was poured into sat. NH4Cl and extracted with Et2O 

three times. The combined organic layer was washed with 0.1 M HCl, 10% Na2SO3 and brine, dried over Na2SO4 

and concentrated under reduced pressure. The residue was purified by silica gel column chromatography 

(hexane/CH2Cl2 =1:1) to give 137 (2.77 g, 14.00 mmol, 70%) as a light yellow oil. ; 1H NMR (400 MHz, CDCl3) δ 

5.99 (1H, s), 4.25 (2H, d, J = 6.1 Hz), 1.99 (3H, d, J = 1.6 Hz), 1.64 (1H, d, J = 6.2 Hz) 

The spectrum data were identical with those reported previously57. 

 

 

 

(Z)-3-iodo-2-methylacrylaldehyde (132) 

A solution of 137 (396 mg, 2.00 mmol) in CH2Cl2 (13.3 mL) was added MnO2 (3.48 g, 40.00 mmol) and 

stirred for 4.5 h at room temperature. The reaction mixture was filtered through Celite and rinsed with 

CH2Cl2 twice. The filtrate was concentrated under reduced pressure to give 132 (347 mg 1.77 mmol, 89%) 

as a light yellow solid. ; 1H NMR (400 MHz, CDCl3) δ 9.78 (1H, s), 7.46 (1H, d, J = 1.4 Hz), 1.90 (1H, d, J = 1.6 

Hz) 

The spectrum data were identical with those reported previously57. 

 

 

(R)-4-benzyl-3-((2R,3R,Z)-3-hydroxy-5-iodo-2,4-dimethylpent-4-enoyl)oxazolidin-2-one (138) 

A solution of (R)-(-)-4-benzyl-3-propionyl-2-oxazolidinone (433 mg, 1.86 mmol) in CH2Cl2 

(4.3 mL) was cooled to –78 °C, and Et3N (362 μL, 2.60 mmol) was added followed by di-n-

butylboron triflate solution (1.0 M in CH2Cl2, 2.05 mL, 2.05 mmol) dropwise. The reaction 
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mixture was warmed to room temperature, stirred for 1.5 h, cooled to –78 °C, then a solution of 132 (400 mg, 2.04 

mmol) in CH2Cl2 (1 ml, rinse 2mL) was added via cannula. The resultant mixture was warmed to 0 °C, and stirred 3 

h further. Phosphatebuffer (pH = 7) was added, and extracted with CH2Cl2, and the organic layer was concentrated 

under reduced pressure. The residue was then dissolved in MeOH/ H2O (1:1, 8.1 mL), the resultant solution cooled 

to 0 °C, 30% H2O2 (2.1 mL, 18.60 mmol) was added and the mixture stirred at 0 °C for 2 h. Excess H2O2 was 

decomposed at 0 °C by slow addition of 10% Na2SO3, the resultant mixture was extracted with EtOAc three times. 

The combined organic layer was washed with brine, dried over Na2SO4 and concentrated under reduced pressure. 

The residue was purified by silica gel column chromatography (hexane/EtOAc =5:1) to give 138 (655 mg, 1.53 mmol, 

82%) as a colorless oil. ; 1H NMR (400 MHz, CDCl3) δ 7.36-7.19 (5H, m), 6.43 (1H, s), 4.73-4.67 (1H, m), 4.51 (1H, 

s), 4.28-4.20 (2H, m), 4.00 (1H, td, J = 7.1, 3.9 Hz), 3.26 (1H, dd, J = 13.5, 3.4 Hz), 3.17 (1H, d, J = 2.7 Hz), 2.80 

(1H, dd, J = 13.5, 9.4 Hz), 1.81 (3H, s), 1.18 (3H, d, J = 7.0 Hz) ; 13C NMR (100 MHz, CDCl3) δ 176.49, 152.59, 

147.01, 134.82, 129.39, 128.92, 127.40, 75.60, 75.54, 66.12, 54.96, 41.16, 37.56, 20.91, 12.53  

 

 

 

(2R,3R,Z)-3-((tert-butyldimethylsilyl)oxy)-5-iodo-N-methoxy-N,2,4-trimethylpent-4-enamide (131) 

N,O-Dimethylhydroxylamine (390.2 mg, 4.00 mmol) in CH2Cl2 (2 mL) was cooled to 0 °C, and 

a solution of trimethylaluminum in toluene (2.0 M, 2.0 mL, 4.00 mmol) was added. The solution 

was stirred at room temperature for 30 min and then cooled to 0 °C, solution of 138 (429.3 mg, 

1.00 mmol) in CH2Cl2 (0.5 mL, rinse 0.5 mL) was added via cannula. The mixture was stirred for 2 h and poured 

into a mixture of EtOAc (10 mL) and aq sat. Rochell salt. The mixture was stirred vigorously for 1h at 0 °C. The 

layers were separated, and the aqueous layer was extracted with EtOAc twice. The organic layer was washed with 

brine, dried over Na2SO4, filtered and concentrated under reduced pressure. A colorless oil was obtained and was 

used next step without further purification.  

A solution of the crude mixture in DMF (3.3 mL) was treated with imidazole (170.2 mg, 2.50 mmol) and TBSCl 

(301.4 mg, 2.00 mmol), heated to 50 °C, and stirred for 14.5 h. The reaction mixture was then cooled to room 

temperature, poured into brine:1 M HCl =1:1 and extracted with hexane/EtOAc = 1:1 twice. The organic layer was 

washed with brine, dried over Na2SO4, filtered and concentrated under reduced pressure. The residue was purified 

by silica gel column chromatography (hexane to hexane/EtOAc =9:1 to 4:1) to give 131 (421.9 mg, 0.99 mmol, 2 

steps 99%) as a colorless oil. ; 1H NMR (400 MHz, CDCl3) δ 6.16 (1H, s), 4.31 (1H, d, J = 8.8 Hz), 3.65 (3H, s), 

3.12 (4H, s), 1.79 (3H, d, J = 0.9 Hz), 1.18 (3H, d, J = 6.8 Hz), 0.89 (9H, s), 0.06 (3H, s),–0.02 (3H, s) ; 13C NMR 

(100 MHz, CDCl3) δ 175.16, 148.73, 79.20, 78.81, 61.59, 40.60, 32.09, 25.77, 25.70, 19.49, 18.15, 14.30, –4.96, –

5.18 
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(2R,3R,Z)-3-((tert-butyldimethylsilyl)oxy)-N-methoxy-7-(5-methoxy-2-(methoxymethoxy)-3-nitrophenyl)-N,2,4-

trimethylhept-4-enamide (140) 

134 (48.0 mg, 0.20 mmol) and 131 (42.7 mg, 0.10 mmol) dissolved in degassed DMF 

(400 µL). Anhydrous K3PO4 (63.7 mg, 0.30 mmol) was added followed by 

Pd(dppf)Cl2•CH2Cl2 (8.2 mg, 0.01 mmol). The resulting mixture was stirred under argon 

at 50 ºC for 3 h. The reaction mixture was poured into brine, extracted with hexane:EtOAc 

= 1:1 three times. The organic layer was dried over Na2SO4, filtered and concentrated 

under reduce pressure. The residue was purified by silica gel column chromatography (hexane:EtOAc = 2:1) to give 

140 (16.4 mg 0.03mmol, 30%) as a brown oil. ; 1H NMR (400 MHz, CDCl3) δ 7.14 (1H, d, J = 3.1 Hz), 6.98 (1H, d, 

J = 3.1 Hz), 5.37 (1H, t, J = 7.0 Hz), 4.98 (2H, s), 4.13 (1H, d, J = 9.0 Hz), 3.82 (3H, s), 3.64 (3H, s), 3.53 (3H, s), 

3.09 (4H, s), 2.68 (2H, t, J = 8.1 Hz), 2.35-2.23 (2H, m), 1.61 (3H, s), 1.17 (3H, d, J = 6.7 Hz), 0.88 (9H, s), 0.05 

(3H, s), –0.06 (3H, s)  

  

 

 

 (4S,5S,6R,Z)-6-((tert-butyldimethylsilyl)oxy)-8-iodo-5,7-dimethylocta-1,7-dien-4-ol (155) 

A solution of 131 (427. 4 mg, 1.00 mmol) in THF (6.7 mL) was cooled to –78 °C, and DIBAL 

(1.0 M in toluene, 1.4 mL, 1.40 mmol) was added .The solution was stirred for 1.5 h at same 

temperature. The reaction mixture was quenched with MeOH (1.0 mL) at –78 ºC. The mixture 

was warmed to 0 ºC, diluted with Et2O (20 mL), and stirred vigorously with aq sat. Rochelle’s salt until two clear 

phases were obtained. The mixture was separated and the aqueous layer was extracted with Et2O three times. The 

organic layer was dried over Na2SO4, filtered, and concentrated under reduced pressure. The colorless oil was 

obtained and was used next step without further purification. 

The crude aldehyde 156 (0.47 mmol) was dissolved in CH2Cl2 (6.7 mL) and cooled to –78 ºC. After 5 min, Me2AlCl 

(1.0 M in hexane, 1.2 mL, 1.20 mmol) was added dropwise and stirred at same temperature for 5 min. Then, 

allyltrimethylsilane (230 µL, 1.41 mmol) was added and the reaction mixture was stirred at same temperature for 15 

min. The reaction mixture was quenched with MeOH and warmed to room temperature. Resulting mixture was 

poured into sat. NH4Cl and extracted with CHCl3 three times. The organic layer was dried over Na2SO4, filtered and 

concentrated under reduce pressure. The residue was purified by silica gel column chromatography (hexane:EtOAc 

= 20:1 ) to give 155 (172 mg, 0.42 mmol, 89% 2 steps) as a white solid. ; 1H NMR (500 MHz, CDCl3) δ 5.99 (1H, 

s), 5.98-5.83 (1H, m), 5.18-5.13 (2H, m), 4.59 (1H, d, J = 6.3 Hz), 3.53 (1H, s), 2.44 (2H, dt, J = 13.6, 1.9 Hz), 2.12 

(1H, dt, J = 16.1, 7.1 Hz), 1.96-1.89 (4H, m), 0.96 (3H, d, J = 6.9 Hz), 0.91 (9H, s), 0.14 (3H, s), 0.04 (3H, s) ; 13C 

NMR (125 MHz, CDCl3) δ 148.55, 135. 23, 117.91, 77.75, 75.20, 71.69, 43.53, 38.58, 25.80, 20.32, 18.04, 11.33, –

4.61, –4.95 
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(R)-(4S,5S,6R,Z)-6-((tert-butyldimethylsilyl)oxy)-8-iodo-5,7-dimethylocta-1,7-dien-4-yl 3,3,3-trifluoro-2-methoxy-

2-phenylpropanoate (163) 

To a solution of 155 (10 mg, 0.024 mmol,) in CH2Cl2 (120 µL) was added DMAP (5.9 mg, 

0.048 mmol ) and (S)-(+)-MTPACl (7 µL, 0.036 mmol) at 0 ºC and stirred at same temperature 

for 1 h. The reaction mixture was diluted with CH2Cl2, washed with water twice. The organic 

layer was dried over Na2SO4, filtered and concentrated under reduce pressure. The residue was 

purified by silica gel column chromatography (hexane:EtOAc = 10:1 to 4:1) to give 163 (15 

mg, 0.024 mmol, quant) as a colorless oil. ; 1H NMR (400 MHz, CDCl3) δ 7.52-7.35 (5H, m), 6.06 (1H, d, J = 1.4 

Hz), 5.78-5.68 (1H, m), 5.14-5.05 (2H, m), 4.87 (1H, d, J = 11.3 Hz), 4.21 (1H, d, J = 9.7 Hz), 3.51 (1H, s), 2.49 

(1H, dd, J = 15.0, 4.3 Hz), 2.34 (1H, dt, J = 16.8, 7.5 Hz), 2.16-2.11 (1H, m), 2.01 (3H, d, J = 1.1 Hz), 0.88-0.86 

(11H, m), 0.12 (3H, s), 0.05 (3H, s)  

 

 

 

(S)-(4S,5S,6R,Z)-6-((tert-butyldimethylsilyl)oxy)-8-iodo-5,7-dimethylocta-1,7-dien-4-yl 3,3,3-trifluoro-2-methoxy-

2-phenylpropanoate (164) 

164 (15 mg, 0.024 mmol, quant, a colorless oil) was prepared from 155 (10 mg, 0.024 mmol) 

as described for the preparation 163 using (R)-(–)-MTPACl instead of (S)-(+)-MTPACl. ; 1H 

NMR (400 MHz, CDCl3) δ 7.51-7.36 (5H, m), 6.08 (1H, d, J = 1.4 Hz), 5.58-5.47 (1H, m), 4.99 

(1H, dd, J = 17.2, 1.4 Hz), 4.87 (2H, ddd, J = 15.0, 8.2, 5.4 Hz), 4.23 (1H, d, J = 9.5 Hz), 3.54 

(1H, s), 2.44 (1H, dd, J = 14.3, 5.7 Hz), 2.34-2.26 (1H,m), 2.20-2.16 (1H, m), 2.00 (3H, d, J = 

1.4 Hz), 1.04 (3H, d, J = 6.8 Hz), 0.89 (9H, s), 0.14 (3H, s), 0.06 (3H, s)  

 

 

methyl 2,4-dibromobutanoate (166) 

γ-butyrolactone (165) (13.3 mL, 175 mmol) and PBr3 (0.3 mL) were combined at 100 °C. 

Bromine (9.5 mL, 184 mmol) was added dropwise to the stirred solution. PBr3 (0.2 mL) was 

added and the solution was stirred for 2 h at 100 °C. After cooling to room temperature, the flask 

was sparged with argon, MeOH (70 mL, 1.75 mol) and p-toluenesulfonic acid (1.66 g, 8.75 mmol) were added and 

the reaction mixture was stirred at 50 °C for 21 h. The reaction mixture was diluted with EtOAc and washed with sat. 

NaHCO3 and brine. The organic extract was dried over Na2SO4, filtered and concentrated under reduced pressure. 

The residue was purified by vacuum distillation (15 mmHg, 99.5-104.0 ºC) to give 166 (41.3 g, 159 mmol 91%) as 

a colorless oil. ; 1H NMR (400 MHz, CDCl3) δ 4.54 (1H, dd, J = 8.0, 6.0 Hz), 3.81 (3H, s) 3.55 (2H, t, J = 6.2 Hz), 

2.55-2.49 (2H, m) 

The spectrum data were identical with those reported previously39. 
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methyl 2-azido-4-bromobutanoate (167) 

To a solution of 166 (41.30 g, 159.0 mmol) in DMF (80 mL) was added NaN3 (10.34 g, 159.0 

mmol) at 0 ºC. The mixture was stirred at room temperature for 12 h. The reaction mixture was 

diluted with H2O and extracted with Et2O three times. The organic extract was dried over 

Na2SO4, filtered and concentrated under reduced pressure. The residue was purified by column chromatography 

(hexane:EtOAc = 30:1 to 10:1) to give 167 ( 30.96 g, 139.5 mmol, 88%) as a colorless oil. ; 1H NMR (400 MHz, 

CDCl3) δ 4.24 (1H, dd, J = 9.5, 4.4 Hz), 3.83 (3H, s) 3.56-3.46 (2H, m), 2.23-2.14 (1H, m), 2.38-2.30 (1H, m) 

The spectrum data were identical with those reported previously39. 

 

 

 

methyl 1-azidocyclopropanecarboxylate (168) 

To a solution of 167 (7.00 g, 31.50 mmol) in DMF (315 mL) was added DBU (6.1 mL, 41.00 mmol) 

at 0 ºC. The mixture was stirred at room temperature for 12 h. The reaction mixture was diluted with 

sat. NH4Cl and extracted with hexane:EtOAc = 2:1 three times. The organic extract was dried over 

Na2SO4, filtered and concentrated under reduced pressure. The residue was purified by column chromatography 

(hexane:EtOAc =10:1) to give 168 ( 2.91 g, 20.61 mmol, 65%) as a colorless oil. ; 1H NMR (400 MHz, CDCl3) δ 

3.80 (3H, s) 1.48 (2H, dd, J = 8.0, 4.8 Hz), 1.22 (2H, dd, J = 8.1, 4.9 Hz) 

The spectrum data were identical with those reported previously39. 

 

 

 

 

1-azidocyclopropanecarboxylic acid (169) 

To a solution of 168 (1.76 g, 12.5 mmol) in THF (12.5 mL) was added 3 M KOH (8.3 mL, 25.0 mmol) 

at 0 ºC and the mixture was stirred for 12 h. The reaction mixture was extracted with CH2Cl2 twice. 

The aqueous layer was acidified with 1 M HCl and re-extracted with EtOAc three times. The organic layer was dried 

over Na2SO4, filtered and concentrated under reduce pressure to give 169 (1.51 g, 11.9 mmol, 95% ) as a white solid. ; 
1H NMR (500 MHz, CDCl3) δ 1.57 (2H, dd, J = 8.2, 5.0 Hz), 1.31 (2H, dd, J = 8.2, 5.0 Hz) 

The spectrum data were identical with those reported previously11b. 
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(4S,5S,6R,Z)-6-((tert-butyldimethylsilyl)oxy)-8-iodo-5,7-dimethylocta-1,7-dien-4-yl  

1-azidocyclopropanecarboxylate (154) 

To a solution of 169 (381 mg, 3.00 mmol) and DMF (23 µL, 0.30 mmol) in toluene (3 mL) was 

added oxalyl chloride (205 µL, 2.40 mmol) at 0 ºC. The reaction mixture was stirred for 1 h at 

room temperature. Meanwhile, in the separated flask, DMAP (37 mg, 0.30 mmol) and Et3N (0.84 

mL, 6.00 mmol) was added 155 (410 mg, 1.00 mmol) in CH2Cl2 (3.3 mL). The 169 solution was 

added via cannula to 155 solution at 0 ºC. The reaction mixture was stirred for 1.5 h at same temperature before being 

quenched with phosphatebuffer (pH = 7). The resulting mixture was extracted with EtOAc three times and washed 

with brine. Combined organic layer was dried over Na2SO4, filtered and concentrated under reduce pressure. The 

residue was purified by column chromatography (hexane:EtOAc = 10:1 ) to give 154 ( 515 mg, 0.99 mmol, 99%) as 

a brown oil. ; 1H NMR (400 MHz, CDCl3) δ 6.02 (1H, d, J = 1.3 Hz), 5.77-5.67 (1H, m), 5.14-5.05 (2H, m), 4.76-

4.72 (1H, m), 4.26 (1H, d, J = 9.0 Hz), 2.49 (1H, dd, J = 13.8, 5.0 Hz), 2.38-2.29 (1H, m), 2.16-2.11 (1H, m), 1.96 

(3H, d, J = 1.6 Hz), 1.44 (2H, t, J = 2.8 Hz), 1.17 (2H, t, J = 3.4 Hz), 1.03 (3H, d, J = 7.0 Hz), 0.89 (9H, s), 0.12 (3H, 

s), 0.03 (3H, s) ; 13C NMR (100 MHz, CDCl3) δ 170.81, 148.6, 134.04, 117.71, 77.47, 75.79, 75.47, 42.73, 41.02, 

34.16, 25.73, 19.29, 18.03, 16.75, 16.69, 10.73, –4.35, –4.89  

 

 

 

(2E)-5-bromopenta-2,4-dienal (173) 

To a solution of triphenylphosphine (39.3 g, 150 mmol) in CH2Cl2 (500 mL) was added bromine 

at 0 ºC. 172 (17.0 g, 125 mmol) was immediately added in one portion and resulting suspension 

was stirred at room temperature for 10 h. The dark red-brown solution was filtered through a pad of silica gel and 

washed with hexane:EtOAc = 4:1, filtrate was concentrated under reduce pressure. The residue was purified by 

column chromatography (hexane:EtOAc = 4:1 ) to give 173 ( 15.7 g, 97.5 mmol, E/Z= 3:1, 65%) as a yellow solid. ; 
1H NMR (400 MHz, CDCl3) δ 9.58 (1H, d, J = 8.0 Hz), 7.05-6.90 (3H, m), 6.20 (1H, dd, J = 15.0, 8.0 Hz) 

The spectrum data were identical with those reported previously41. 

 

 

 

(2E,4E)-hepta-2,4,6-trienal (159) 

To a suspension of 172 (1.00 g, 7.34 mmol) in THF (20 mL) was added DMAP (0.73 mmol, 

90 mg) and Et3N (0.73 mmol, 100 µL). The resulting mixture was cooled to –30 ºC and TMSCl 

(930 µL, 7.34 mmol) was added dropwise over 10 min. The reaction mixture was stirred for 5 h at same 

temperature. Then vinylmagunesium chloride (1.32 M in THF, 5.56 mL, 7.34 mmol) was added dropwise and stirred 

for 1.5 h at same temperature. The reaction mixture was quenched with 3 M HCl and the resulting biphasic mixture was 
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vigorously stirred for 30 min at room temperature. The resulting mixture was extracted with Et2O three times and 

washed with brine. Combined organic layer was dried over Na2SO4, filtered and concentrated under reduce 

pressure. The residue was purified by column chromatography (hexane:EtOAc = 15:1 ) to give 159 ( 572 mg, 5.29 

mmol, 72%) as a yellow oil. ; 1H NMR (400 MHz, CDCl3) δ 9.59 (1H, d, J = 8.1 Hz), 7.14 (1H, dd, J = 15.1, 11.1 

Hz), 6.68 (1H, dd, J = 14.9, 10.7 Hz), 6.52-6.43 (2H, m), 6.19 (1H, dd, J = 15.1, 8.0 Hz), 5.52 (1H, d, J = 17.6 Hz), 

5.43 (1H, d, J = 10.4 Hz) 

The spectrum data were identical with those reported previously38 . 

 

 

 

(R,4E,6E)-3-hydroxy-1-((S)-4-isopropyl-2-thioxothiazolidin-3-yl)nona-4,6,8-trien-1-one (179) 

To a solution of N-acetyl (4S)-isopropyl-1,3-thiazolidine-2-thione 

 (678 mg, 3.33 mmol) in CH2Cl2 (33 mL) was added TiCl4 (1.0 M in CH2Cl2, 3.33 mL, 

3.33 mmol) followed by i-Pr2NEt (580 µL 3.33 mmol) at 0ºC and the mixture was stirred 

for 40 min. Then, the reaction mixture was cooled to –78ºC, 159 (324 mg, 3.00 mmol,) in CH2Cl2 (8 mL, rinsed with 

2 mL) was added via cannula and stirred at same temperature for 12 h. The reaction mixture was quenched with sat. 

NH4Cl aq. and extracted with EtOAc three times. The organic layer was dried over Na2SO4, filtered and concentrated 

under reduce pressure. The residue was purified by silica gel column chromatography (hexane:EtOAc = 10:1 to 4:1) 

to give 179 (551 mg, 1.77 mmol, 59%) as a yellow oil. ; 1H NMR (400 MHz, CDCl3) δ 6.39-6.21 (4H, m), 5.78 (1H, 

dd, J = 15.0, 5.8 Hz), 5.23 (1H, d, J = 15.3 Hz), 5.13 (1H, d, J = 17.6 Hz), 4.74 (1H, br), 3.65 (1H, dd, J = 17.5, 3.1 

Hz), 3.52 (1H, dd, J = 11.4, 8.1 Hz), 3.34 (1H, dd, J = 17.5, 8.8 Hz), 3.04 (1H, d, J = 11.4 Hz), 2.94 (1H, s), 2.36 

(1H, dd, J = 13.5, 6.7 Hz), 1.07 (3H, d, J = 6.7 Hz), 0.98 (3H, d, J = 7.0 Hz) ; 13C NMR (100 MHz, CDCl3) δ 202.94, 

172.25, 136.71, 134.05, 133.90, 132.10, 130.51, 117.75, 71.37, 71.29, 68.34, 68.28, 45.16, 30.77, 30.61, 19.02, 17.75 

 

 

 

(R,4E,6E)-methyl 3-hydroxynona-4,6,8-trienoate (180) 

 

To a solution of 179 (521 mg, 1.67 mmol) in MeOH (33 mL) was added K2CO3 (69 mg, 

0.50 mmol). The resulting suspention was stirred for 6 h before quenched with 1 M HCl. 

The resulting mixture was extracted with CH2Cl2 three times and washed with brine. The combined organic layer 

was dried over Na2SO4, filtered and concentrated under reduce pressure. The pale yellow oil was obtained and was 

used next step without further purification. In smaller scale (0.10 mmol) reaction, purified by column 

chromatography (hexane:EtOAc = 8:1 ) to give spectroscopically pure 180 (16 mg, 0.088 mmol 88%) as a light 

yellow oil. 1H NMR (500 MHz, CDCl3) δ 6.40-6.18 (4H, m), 5.73 (1H, dd, J = 15.2, 6.3 Hz), 5.24 (1H, d, J = 16.6 
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Hz), 4.61 (1H, s), 3.72 (3H, s), 2.96 (1H, s), 2.62-2.52 (2H, m); 13C NMR (125 MHz, CDCl3) δ 172.54, 136.67, 

134.12, 133.88, 131.96, 130.75, 117.91, 68.43, 51.84, 41.14 

 

 

(R,4E,6E)-methyl 3-methoxynona-4,6,8-trienoate (181) 

To a solution of crude 180 (1.67 mmol) in CH2Cl2 (16 mL) was added DTBMP (1.29 g, 

6.27 mmol) and MeOTf (633 µL, 5.77 mmol). The resulting mixture was refluxed for 14 

h and cooled to room temperature, quenched with MeOH. The resulting mixture was extracted with CH2Cl2 three 

times and washed with sat. NaHCO3 twice. The combined organic layer was dried over Na2SO4, filtered and 

concentrated under reduce pressure. The residue was purified by column chromatography (hexane:EtOAc = 10:1 ) 

to give 181 ( 196 mg, 1.00 mmol, 60%, 2 steps) as a light yellow oil. ; 1H NMR (400 MHz, CDCl3) δ 6.42-6.22 (4H, 

m), 5.57 (1H, dd, J = 16.0, 4.8 Hz), 5.26 (1H, d, J = 16.0 Hz), 5.13 (1H, d, J = 12.0 Hz), 4.12-4.06 (1H, m), 3.68 (3H, 

s), 3.28 (3H, s), 2.63 (1H, dd, J = 15.1, 8.2 Hz), 2.47 (1H, dd, J = 15.3, 5.2 Hz) ; 13C NMR (100 MHz, CDCl3) δ 

171.21, 136.57, 134.23, 133.04, 132. 20, 131.76, 118.10, 78.24, 56.45, 51.67, 40.87 

 

 

 

 (R,4E,6E)-methyl 3-(((S)-3,3,3-trifluoro-2-methoxy-2-phenylpropanoyl)oxy)nona-4,6,8-trienoate (182) 

 To a solution of 181 (4.0 mg, 0.022 mmol,) in CH2Cl2 (440 µL) was added DMAP (5.4 

mg, 0.044 mmol ) and (S)-(–)-MTPACl (7 µL, 0.033 mmol) at 0 ºC and stirred at same 

temperature for 1 h. The reaction mixture was diluted with CH2Cl2, washed with water 

twice. The organic layer was dried over Na2SO4, filtered and concentrated under reduce 

pressure. The residue was purified by silica gel column chromatography (hexane:EtOAc = 4:1) to give 177 (8.5 mg, 

0.021 mmol, 97%) as a colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.50-7.38 (5H, m) 6.48-6.15 (4H, m) 5.98-5.93 

(1H, m), 5.69 (1H, dd, J = 15.3, 8.1 Hz), 5.30 (1H, d, J = 16.2 Hz), 5.19 (1H, d, J = 9.6 Hz), 3.59 (3H, s), 3.52 (3H, 

d, J = 0.9 Hz), 2.78 (1H, dd, J = 16.0, 8.9 Hz), 2.64 (1H, dd, J = 16.0, 4.8 Hz) 

 

 

(R,4E,6E)-methyl 3-(((S)-3,3,3-trifluoro-2-methoxy-2-phenylpropanoyl)oxy)nona-4,6,8-trienoate (183) 

 183 (10.4 mg, 0.026 mmol, 96%, a colorless oil) was prepared from 181 (5.0 mg, 

0.027 mmol) as described for the preparation 182 using (R)-(+)-MTPACl instead of (S)-

(–)-MTPACl. ; 1H NMR (400 MHz, CDCl3) δ 7.49-7.38 (5H, m) 6.40-6.10 (4H, m) 

5.95-5.90 (1H, m), 5.57 (1H, dd, J = 15.0, 7.6 Hz), 5.29 (1H, d, J = 9.6 Hz), 5.18 (1H, d, J = 9.6 Hz), 3.68 (3H, s), 

3.54 (3H, s), 2.82 (1H, dd, J = 16.4, 9.2 Hz), 2.36 (1H, dd, J = 16.3, 4.4 Hz), 
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 (R,4E,6E)-3-methoxynona-4,6,8-trienoic acid (158) 
 

 To a solution of 181 (267 mg, 1.36 mmol) in MeCN/H2O (6% H2O, 6.8 mL) was added 

LiI (13.60 mmol, 1.82 g) and Et3N (4.08 mmol, 570 µL). The resulting mixture was 

refluxed for 2 h and cooled to room temperature, quenched with aq. sat. NaHCO3. The resulting biphasic mixture was 

vigorously stirred for 5 min, extracted with CHCl3 once. The aqueous layer was acidified to pH 1 with 1 M HCl and 

extracted with CHCl3 three times. Combined organic layer was dried over Na2SO4, filtered and concentrated under 

reduce pressure. The residue was purified by column chromatography (MeOH:CHCl3 = 15:1 ) to give 158 ( 237 mg, 

1.30 mmol, 96%) as a yellow oil. 1H NMR (500 MHz, CDCl3) δ 6.19-6.40 (4H, m), 5.57 (1H, dd, J = 15.0, 8.0 Hz), 

5.26 (1H, d, J = 16.7 Hz), 5.15 (1H, d = J = 10.0 Hz), 4.09 (1H, dt, J = 8.1, 4.9 Hz), 2.65 (1H, dd, J = 15.5, 8.3 Hz), 

2.54 (1H, dd, J = 15.5, 4.9 Hz); 13C NMR (125 MHz, CDCl3) δ 176.14, 136.57, 134.56, 133.50, 131.63, 131.58, 

118.32, 78.05, 56.46, 40.85  

 

 

 

(Z)-3-iodobut-2-en-1-ol (206) 

 

 

 

 

206 was prepared according to the reported procedures12. 
1H NMR (400 MHz, CDCl3) δ 5.76-5.79 (1H, s), 4.16-4.18 (2H, m), 2.54 (3H, d, J = 1.6 Hz), 1.57-1.61 (2H, m) 

 

 

 

(Z)-tert-butyl((3-iodobut-2-en-1-yl)oxy)dimethylsilane (207) 

A solution of 206 (11.88 g, 60 mmol) in DMF (60 mL) was cooled to 0 °C, imidazole (8.17 g, 

120 mmol) and TBSCl (10.85 g, 72 mmol) were added and stirred at same temperature for 4 h. The 

reaction mixture was poured into brine and extracted with Et2O twice. The organic layer was dried over 

Na2SO4, filtered and concentrated under reduced pressure. The residue was purified by silica gel column chromatography 

(hexane to hexane/EtOAc =30:1) to give 207 (18.73 g, 60 mmol, quant) as a colorless oil. ; 1H NMR (500 MHz, CDCl3) 

δ 5.68 (1H, m), 4.18 (1H, m), 2.51 (3H, m), 0.91 (9H, s), 0.09 (6H, s) 

The spectrum data were identical with those reported previously50. 
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(Z)-4-((tert-butyldimethylsilyl)oxy)-2-methylbut-2-enal (204) 

To a solution of t-BuLi (25 mL, 40.00 mmol) in Et2O (90 mL) was added solution of vinyl 

iodide 207 (6.25 g, 20.00 mmol) in Et2O (10 mL) via cannula at –116 ºC. After stirring for 1 min, 

DMF (5.42 mL, 70.00 mmol) was added and further stirred for 5 min at same temperature. Then 

the reaction mixture was quenched with sat. aq. NH4Cl and extracted with Et2O three times. Combined organic layer were 

washed with brine, dried over Na2SO4 and concentrated under reduced pressure. The residue was purified by silica gel 

column chromatography (hexane/EtOAc =10/1 to 5/1) to give 204 (4.05 g, 18.89 mmol, 94%) as a pale yellow oil. ; 

1H-NMR (400 MHz, CDCl3) δ 10.14 (1H, s), 6.50 (1H, m), 4.66 (2H, d, J = 6.4 Hz), 1.82 (3H, s), 0.92 (9H, s), 0.10 

(6H, s)  

The spectrum data were identical with those reported previously50. 

 

 

 

 (R)-4-benzyl-3-((2R,3R,Z)-6-((tert-butyldimethylsilyl)oxy)-3-hydroxy-2,4-dimethylhex-4-enoyl)oxazolidin-2-one 

(210) 

 A solution of (R)-(–)-4-benzyl-3-propionyl-2-oxazolidinone (4.85 g, 20.78 mmol) in CH2Cl2 

(50 mL) was cooled to –78 °C, and di-n-butylboron triflate (1.0 M in CH2Cl2, 21.0 mL, 20.78 

mmol,) was added followed by i-Pr2NEt (4.94 mL, 28.34 mmol). The reaction mixture was 

warmed to room temperature and stirred for 1 h. The mixture was re-cooled to –78 °C, and treated 

with aldehyde 199 (4.05 g, 18.89 mmol). The resultant solution was stirred for 8 h at same temperature. Then the 

reaction mixture was quenched with phosphate buffer (pH = 7.0), extracted with CH2Cl2 three times and the organic 

layer was concentrated under reduced pressure. The residue was then dissolved in MeOH/ H2O (1:1, 90 mL), the 

resultant solution cooled to 0 °C, 30% H2O2 (5.00 mL, 44.00 mmol) was added and the mixture stirred at 0 °C for 1 

h. Excess H2O2 was decomposed at 0 °C by slow addition of aq. sat. Na2S2O3, the resultant mixture was extracted 

with EtOAc three times. The combined organic layer was washed with brine, dried over Na2SO4 and concentrated 

under reduced pressure. The residue was purified by silica gel column chromatography (hexane/EtOAc =5/1) to give 

204 (7.29 g, 16.29 mmol, 86%) as a colorless oil. ; 1H NMR (500 MHz, CDCl3) δ 7.34-7.27 (3H, m), 7.21-7.19 (2H, 

m), 5.46 (1H, t, J = 6.0 Hz), 4.67-4.62 (2H, m), 4.35-4.31 (1H, m), 4.23-4.17 (3H, m), 4.06-4.01 (1H, m), 3.25 (1H, 

dd, J = 13.5, 3.2 Hz), 2.88 (1H, d, J = 4.0 Hz), 2.77 (1H, dd, J = 13.3, 9.6 Hz), 1.80 (3H, s), 1.34 (3H, d, J = 7.0 Hz),  

0.90 (9H, s), 0.09 (6H, s); 13C NMR (125 MHz, CDCl3) δ 175.69, 152.92, 137.09, 135.08, 129.40, 128.93, 128.43, 

127.37, 71.99, 66.08, 59.51, 55.25, 41.65, 37.68, 25.95, 19.69, 18.33, 13.09, –5.18 
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 (2R,3R,Z)-3,6-bis((tert-butyldimethylsilyl)oxy)-N-methoxy-N,2,4-trimethylhex-4-enamide (203) 

 N,O-Dimethylhydroxylamine (4.70 g, 48.15 mmol) in CH2Cl2 (50 mL) was cooled to 0 °C, 

and trimethylaluminum (ca. 1.8 M in toluene, 27.0 mL, 48.15 mmol) was added. The solution 

was stirred at room temperature for 1 h and then cooled to 0 °C, solution of 210 (7.19 g, 16.05 

mmol) in CH2Cl2 (20 mL, rinse 10 mL) was added via cannula. The mixture was stirred for 2.5 

h and poured into a mixture of Et2O (200 mL) and sat. aq. Rochelle’s salt until two clear phases were obtained. The 

mixture was separated and the aqueous layer was extracted with Et2O three times. The organic layer was washed 

with brine, dried over Na2SO4, filtered and concentrated under reduced pressure. A colorless oil was obtained and 

was used next step without further purification.  

A solution of the crude mixture in DMF (54 mL) was treated with imidazole (3.82 g, 56.18 mmol) and TBSCl 

(7.26 g, 48.15 mmol), heated to 50 °C, and stirred for 12 h. The reaction mixture was then cooled to room temperature, 

poured into brine and extracted with hexane/EtOAc =4/1 three times. The organic layer was washed with brine, dried 

over Na2SO4, filtered and concentrated under reduced pressure. The residue was purified by silica gel column 

chromatography (hexane to hexane/EtOAc =20/1) to give 203 (5.91 g, 13.26 mmol, 2 steps 83%) as a colorless oil. ; 

1H NMR (500 MHz, CDCl3) δ 5.27 (1H, br), 4.45 (1H, d, J = 7.8 Hz), 4.35 (1H, dd, J = 13.5, 7.8 Hz), 4.00-4.05 (1H, 

m), 3.65 (3H, s), 3.19 (1H, br), 3.08 (3H, s), 1.67 (3H, s), 1.20 (3H, d, J = 6.8 Hz), 0.89 (18H, s), 0.08 (3H, s), 0.06 

(6H, s), 0.03 (3H, s)  

 

 

 

(2R,3R,Z)-3,6-bis((tert-butyldimethylsilyl)oxy)-2,4-dimethylhex-4-enal (211) 

To a solution of 203 (446 mg, 1.00 mmol) in THF (5 mL) was cooled to –78 °C, and DIBAL 

(1.0 M in toluene, 1.4 mL, 1.40 mmol) was added .The solution was stirred for 4 h at same 

temperature. The reaction mixture was quenched with MeOH at –78 ºC. The mixture was 

warmed to 0 ºC, diluted with Et2O (20 mL), and stirred vigorously with sat. aq. Rochelle’s salt until two clear phases 

were obtained. The mixture was separated and the aqueous layer was extracted with Et2O three times. The organic 

layer was dried over Na2SO4, filtered, and concentrated under reduced pressure. The residue was purified by silica 

gel column chromatography (hexane to hexane/EtOAc =20:1) to give 211 (394 mg, 1.01 mmol, quant) as a colorless 

oil. ; 1H NMR (500 MHz, CDCl3) δ 9.65 (1H, d, J = 1.9 Hz), 5.40 (1H, t, J = 6.1 Hz),  

4.66 (1H, d, J = 7.2 Hz), 4.22-4.26 (1H, m), 4.05-4.09 (1H, m), 3.48 (1H, s), 2.56-2.59 (1H, s), 1.71(3H, s), 1.09 (3H, 

d, J = 6.8 Hz), 0.88 (18H, s), 0.06 (3H, s), 0.05 (6H, s), –0.02 (3H, s) ; 13C NMR (125 MHz, CDCl3) δ 203.85, 137.27, 

70.74, 58.95, 51.69, 25.94, 25.91, 25.69, 18.50, 18.28, 18.09, 10.23, –4.81, –5.18, –5.25 
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(4S,5S,6R,Z)-6,9-bis((tert-butyldimethylsilyl)oxy)-5,7-dimethylnona-1,7-dien-4-ol (212b) 

 To a solution of (–)-B-methoxydiisopinocampheylborane (194 mg, 0.61 mmol) in toluene (2.0 

mL) was added allylmagnesium bromide solution (1.0 M in Et2O, 0.60 mL, 0.60 mmol) at –78 

ºC. The reaction mixture was warmed to room temperature and stirred for 30 min. The mixture 

was re-cooled to –78 °C, the solution of aldehyde 211 (197 mg, 0.51 mmol) in toluene (5.0 mL) 

was added via cannula. The resultant solution was stirred for 1 h at same temperature, then the reaction mixture was 

warmed to room temperature over 1 h. The reaction mixture was cooled to 0 ºC, aq. 1 M NaOH (2.0 mL) and 30% 

H2O2 (1.0 mL) were added. The resultant biphasic mixture was vigorously stired for 10 h at room temperature. Then 

the reaction mixture was extracted with EtOAc three times. Combined organic layer were washed with brine, dried over 

Na2SO4 and concentrated under reduced pressure. The residue was purified by flash column chromatography 

(hexane/EtOAc =20/1) to give 212b (167 mg, 0.39 mmol, 76%) as a colorless oil. ; 1H-NMR (500 MHz, CDCl3) δ 

5.81-5.91 (1H, m), 5.09-5.14 (2H, m), 4.58 (1H, d, J = 5.5 Hz), 4.21-4.26 (1H,m), 4.09-4.14 (1H, m), 3.54 (1H, br), 

2.93 (1H, br), 2.26-2.32 (1H, m), 2.04-2.14 (1H, m), 1.79 (3H, s), 0.89 (21H, s), 0.08 (3H, s), 0.07 (6H, s), 0.01 (3H, 

s) ; 13C-NMR (125 MHz, CDCl3) δ 139.40, 135.43, 126.75, 117.58, 72.71, 72.38, 59.26, 44.15, 39.09, 26.04, 25.91, 

19.75, 18.43, 18.22, 12.30,–4.72, –5.06, –5.11 

 

 

 

(4S,5S,6R,Z)-6-((tert-butyldimethylsilyl)oxy)-9-hydroxy-5,7-dimethylnona-1,7-dien-4-yl pivalate (216) 

To a solution of 212b (350 mg, 0.82 mmol), Et3N (0.57 mL, 4.10 mmol) and DMAP (10.0 mg, 

0.082 mmol) in CH2Cl2 (1.6 mL) was added PivCl (0.30 mL, 2.46 mmol) at 0 ºC. The reaction 

mixture was warmed to room temperature and stirred for 24 h at that temperature before being 

quenched with aq. sat. NaHCO3. The reaction mixture was extracted with EtOAc three times and washed with brine. 

Combined organic layer were dried over Na2SO4 and concentrated under reduced pressure. A pale yellow oil was obtained 

and was used next step without further purification.  

 To a solution of the crude ester 215 in MeOH (6.8 mL) was was added H3PO4 (1.4 mL) at 0 ºC. The reaction 

mixture was warmed to room temperature and stirred for 12 h at that temperature before being quenched with aq. sat. 

NaHCO3. The reaction mixture was extracted with EtOAc three times and washed with brine. Combined organic layer 

were dried over Na2SO4 and concentrated under reduced pressure. The residue was purified by silica gel column 

chromatography (hexane to hexane/EtOAc =8/1) to give 216 (247 mg, 0.62 mmol, 2 steps 76%) as a colorless oil. ; 

1H NMR (500 MHz, CDCl3) δ 5.72-5.64 (1H, m), 5.49-5.46 (1H, m), 5.06-5.00 (2H, m), 4.72-4.69 (1H, m), 4.29-

4.25 (1H, m), 4.18-4.11 (2H, m), 2.34-2.28 (1H, m), 2.15-2.11 (1H, m), 2.07-2.03 (1H, m), 1.81 (3H, s), 1.17 (9H, 

s), 0.99 (3H, d, J = 7.0 Hz), 0.88 (9H, s), 0.03 (3H, s), –0.01 (3H, s); 13C NMR (125 MHz, CDCl3) δ 178.16, 140.18, 

134.20, 126.44, 117.25, 73.54, 72.32, 58.66, 40.97, 38.90, 33.86, 27.14, 25.72, 25.73, 18.12, 11.09, –4.67, –5.05 
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4-methoxy-2-nitro-6-((phenylsulfonyl)methyl)phenol (72) 

 

72 was prepared according to the reported procedures12. 
1H NMR (500 MHz, CDCl3) δ 10.29 (1H, s), 7.73-7.76 (2H, m), 7.59-7.65 (1H, m), 7.53 (1H, d, J = 3.2 Hz), 7.47 

(2H, br), 7.32 (2H, d, J = 2.8 Hz), 4.48 (2H, s), 3.82 (3H, s) 

 

 

 

(4S,5S,6R,Z)-6-((tert-butyldimethylsilyl)oxy)-10-(2-hydroxy-5-methoxy-3-nitrophenyl)-5,7-dimethyl-10-

((phenylperoxy)thio)deca-1,7-dien-4-yl pivalate (218)  

 

To a solution of 216 (714 mg, 1.79 mmol), I2 (500 mg, 1.97 mmol) and imidazole 

(183 mg, 2.69 mmol) in toluene (9.0 mL) was added PPh3 (517 mg, 1.97 mmol) at 0 

ºC. The reaction mixture was warmed to room temperature and stirred for 1 h at that 

temperature before being quenched with aq. sat. Na2S2O3. The reaction mixture was 

extracted with EtOAc three times and washed with brine. Combined organic layer were dried over Na2SO4 and concentrated 

under reduced pressure. The residue was passed through a pad of silica gel and eluted with hexane/EtOAc =4/1. The 

eluent was concentrated under reduced pressure to give the crude iodide 202 as a colorless oil and was used next step 

without further purification.  

 To a solution of the right fragment 72 (810 mg, 2.51 mmol) in THF (23 mL) was added NaHMDS (1.9 M THF, 

2.64 mL, 5.01 mmol) at –98 ºC. The reaction mixture was stirred for 40 min, the solution of crude iodide 202 (0. 

mmol) in THF (36.0 mL) was added via cannula. Then the resultant solution was warmed to –78 ºC and stirred for 1 

h before being quenched with aq. sat. NH4Cl. The reaction mixture was extracted with EtOAc three times and washed 

with brine. Combined organic layer were dried over Na2SO4 and concentrated under reduced pressure. The residue was 

purified by silica gel column chromatography (hexane to hexane/EtOAc =6/1) to give 218 (738 mg, 1.05 mmol, 2 

steps 59%) as an yellow amorphous powder. ; 1H NMR (400 MHz, CDCl3, mixture of diastereomer) δ 10.42 (1H, br), 

7.69-7.38 (7H, m), 5.80-5.63 (1H, m), 5.17-5.06 (2H, m), 4.90-4.79 (2H, m), 4.69-4.62 (1H, m), 4.20 (1H, m), 3.85 

(3H, s), 3.39-3.21 (1H, m), 2.81-2.66 (1H, m), 2.39-2.29 (1H, m), 2.14-2.11 (1H, m), 2.09-1.94 (1H, m), 1.68 (3H, 

s), 1.19 (9H, s), 0.96 (3H, d, J = 6.8 Hz), 0.87 (9H, s), 0.04 (3H, s), –0.03 (1.8H, s), –0.16 (1.2H, s) 
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(4S,5S,6R,Z)-6-((tert-butyldimethylsilyl)oxy)-10-(2-hydroxy-5-methoxy-3-nitrophenyl)-5,7-dimethyldeca-1,7-dien-

4-yl pivalate (201) 

To a solution of 218 (120 mg, 0.17 mmol) in EtOH (17 mL) was added NaBH4 

(193 mg, 5.10 mmol) at 0 ºC. The reaction mixture was warmed to room temperature 

and stirred for 24 h at that temperature before being quenched with aq. sat. NH4Cl. 

The reaction mixture was extracted with EtOAc three times and washed with brine. 

Combined organic layer were dried over Na2SO4 and concentrated under reduced pressure. The residue was purified by 

silica gel column chromatography (hexane to hexane/EtOAc =8/1) to give 201 (92 mg, 0.16 mmol, 94%) as an orange 

oil. ; 1H NMR (500 MHz, CDCl3) δ 10.73 (1H, s), 7.38 (1H, d, J = 3.2 Hz), 7.09 (1H, d, J = 3.2 Hz), 5.69-5.61 (1H, 

m), 5.26. (1H, t, J = 6.7 Hz), 5.27-5.24 (2H, m), 4.74-4.71 (1H, m), 4.23 (1H, d, J = 8.3 Hz), 3.81 (3H, s), 2.74 (2H, 

t, J = 7.9 Hz), 2.47-2.41 (1H, m), 2.33-2.26 (2H, m), 2.11 (1H, dd, J = 14.6, 4.3 Hz), 2.05-2.00 (1H, m), 1.79 (3H, s), 

1.16 (9H, s), 0.98 (3H, d, J = 6.9 Hz), 0.87 (9H, s), 0.01 (3H, s), –0.05 (3H, s) ; 13C NMR (125 MHz, CDCl3) δ 

177.78, 151.83, 148.83, 137.82, 134.45, 134.13, 133.02 127.44, 125.78, 117.07, 103.29, 73.21, 71.71, 55.83, 40.80, 

38.83, 33.59, 30.53, 27.50, 27.25, 25.76, 18.39, 18.13, 10.86, –4.77, –5.01 

 

 

 

(R,4E,6E)-2-((5R,6S,7S,Z)-5-((tert-butyldimethylsilyl)oxy)-4,6-dimethyl-7-(pivaloyloxy)deca-3,9-dien-1-yl)-4-

methoxy-6-nitrophenyl 3-methoxynona-4,6,8-trienoate (219) 

 

To a solution of 158 (42 mg, 0.23 mmol) and DMF (1.8 µL, 0.023 mmol) in 

toluene (2.3 mL) was added oxalyl chloride (20 µL, 0.23 mmol) at 0 ºC. The 

reaction mixture was stirred for 40 min at that temperature. Meanwhile, in the 

separated flask, DMAP (6.6 mg, 0.054 mmol) and Et3N (50 µL, 0.36 mmol) 

was added 201 (100 mg, 0.18 mmol) in toluene (1.8 mL). The 158 solution was 

added via cannula to 201 solution at 0 ºC. The reaction mixture was stirred for 20 min at same temperature before 

being quenched with phosphatebuffer (pH = 7). The resulting mixture was extracted with EtOAc three times and 

washed with brine. Combined organic layer was dried over Na2SO4, filtered and concentrated under reduce pressure. 

The residue was purified by silica gel column chromatography (hexane:toluene:EtOAc = 15:2:1 ) to give 219 ( 124 

mg, 017 mmol, 95%) as an yellow oil. ; 1H NMR (500 MHz, CDCl3) δ 7.40 (1H, d, J = 2.9 Hz), 7.04 (1H, d, J = 2.9 

H), 6.42-6.22 (4H, m), 5.68-5.62 (2H, m), 5.27 (1H, d, J = 15.8 Hz), 5.19 (1H, t, J = 6.4 Hz ), 5.15 (1H, d, J = 9.7 

Hz), 5.02-4.99 (2H, m), 4.72-4.71 (1H, m), 4.24-4.20 (2H, m), 3.85 (3H, s), 3.31 (3H, s), 2.92 (1H, dd, J = 15.5, 8.6 

Hz), 2.81 (1H, dd, J = 15.5, 4.9 Hz), 2.63-2.59 (2H, m), 2.39-2.36 (1H, m), 2.30-2.27 (2H, m), 2.10 (1H, dd, J = 14.9,  

4.6 Hz), 2.01-1.99 (1H, m), 1.78 (3H, s), 1.16 (9H, s), 0.97 (3H, d, J = 7.0 Hz), 0.87 (9H, s), 0.01 (3H, s), –0.07 (3H, 

s)  
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cytotrienin A macrolactam core 200 

To a solution of 219 (5.2 mg, 7.1 µmol), in CH2Cl2 (7.1 mL) was added catalyst 

106 (1.3 mg, 1.4 µmol) at rt. The reaction mixture was warmed to 40 ºC and 

stirred for 2 h at that temperature. The reaction mixture was passed through a 

pad of silica gel and eluted with hexane/EtOAc =4/1. The eluent was 

concentrated under reduced pressure to give the crude macrolactone 220 as a brown 

oil and was used next step without further purification.  

To a solution of crude 220 in EtOH (0.7 mL) was added catalyst SnCl2 (27 mg, 0.14 mmol) at rt. The reaction 

mixture was stirred for 12 h at that temperature. The reaction mixture was passed through a pad of silica gel and eluted 

with EtOAc. The eluent was concentrated under reduced pressure. The residue was purified by flash gel column 

chromatography (hexane:EtOAc = 2:1 ) to give 200 (3.0 mg, 4.5 µmol,  2 steps 63%) as a pale yellow oil. ; 1H-

NMR (500 MHz, CDCl3) δ 7.80 (1H, s), 6.77 (1H, s), 6.76 (1H, s), 6.54(1H, d, J = 2.9 Hz ), 6.41 (2H, br), 5.98 (1H, 

t, J = 11.1 Hz), 5.62 (1H, dd, J = 15.6, 7.38 Hz), 5.30 (1H, br), 5.19-5.21 (1H, br), 4.69-4.71 (1H, m), 3.73 (3H, s), 

3.38 (3H, s), 2.87 (1H, dd, J = 13.5, 3.1 Hz), 2.59-2.67 (3H, m), 2.42-2.47(1H, m), 2.29-2.36 (1H, m), 2.20-2.27 (3H, 

m), 2.04-2.12 (1H, m), 1.78 (3H, s), 1.19 (9H, s), 0.99 (3H, d, J = 6.8 Hz), 0.89 (9H, s), 0.08 (3H, s), 0.04 (3H, s) ; 
13C-NMR (125 MHz, CDCl3) δ 178.16, 169.22, 152.88, 140.91, 136.44, 134.27, 132.56, 131.40, 130.85, 129.73, 

129.52, 128.56, 126.92, 126.87, 125.66, 113.46, 105.86, 79.28, 74.03, 72.70, 56. 72, 55.68, 43.53, 40.80, 38.92, 32.81, 

28.28, 27.95, 27.15, 25.78, 18.16, 11.72, –4.57, –4.79; LRMS (ESI) m/z 704 ([M+Cl]–) 

 

 

 

2-hydroxy-5-(methoxymethoxy)benzaldehyde (223) 

 

 To a solution of 221 (33.0 g, 300 mmol) in THF (400 mL) was added NaH (4.0 g, 100 mmol) at 0 

ºC. The reaction mixture was stirred for 1 h at that temperature, MOMCl (7.6 mL, 100 mmol) was 

added. The resultant solution was warmed to room temperature and stirred for 6 h before being 

quenched with aq. sat. NH4Cl. The reaction mixture was extracted with EtOAc three times and washed with brine. 

Combined organic layer were dried over Na2SO4 and concentrated under reduced pressure. The residue was passed 

through a pad of silica gel and eluted with hexane/toluene =3/1. The eluent was concentrated under reduced pressure 

to give the crude 222 as a brown oil and was used next step without further purification.  

To a solution of MgCl2 (28.6 g, 300 mmol) and paraformaldehyde (18.0 g, 600 mmol) in THF (200 mL) was added 

Et3N (42.0 mL, 300 mmol) and the solution was stirred at room temperature for 10 min. The crude 222 was added 

and the solution was heated at reflux for 12h. After cooling to room temperature the reaction was diluted with Et2O 

and washed with aq. 1M HCl and H2O. The organic layer was dried over Na2SO4 and concentrated under reduced pressure. 

The residue was purified by recrystallization (hexane/EtOAc = 6/1 ) to give 223 ( 9.4 g, 52 mmol, 52%, 2 steps) as a 

HO
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white crystal. ; 1H-NMR (500 MHz, CDCl3) δ 10.71 (1H, s), 9.85 (1H, s), 7.24-7.27 (2H, m), 6.92-6.94. (1H, m), 

5.14 (2H, s), 3.49 (3H, s) ; 13C-NMR (125 MHz, CDCl3) δ 196.19, 156.84, 150.22, 127.17, 120.19, 119. 14, 118.61, 

95.28, 55.97 

The spectrum data were identical with those reported previously58. 

 

 

 

4-(methoxymethoxy)-2-nitro-6-((phenylsulfonyl)methyl)phenol (227) 

 To a solution of 223 (3.33 g, 18.3 mmol) in AcOH (36 mL) and H2O (4 mL) was added 60% 

HNO3 (2.1 mL, 27.5 mmol) in AcOH (8 mL) at 0 ºC. The reaction mixture was stirred for 5 

min at that temperature, poured into ice-cold H2O and then yellow solid was formed. The 

precipitate was collected by filtration and washed with H2O. The yellow solid was dissolved with EtOAc, dried over 

Na2SO4 and concentrated under reduced pressure to give he crude 224 as a yellow solid and was used next step without 

further purification.  

 To a solution of crude 224 in EtOAc/MeOH = 10/1 (100 mL) was added NaBH4 (1.04 g, 27.5 mmo) at 0 ºC and 

stirred for 30 min. The reaction mixture was quenched with sat. aq. NH4Cl and extracted with EtOAc three times. 

Combined organic layer were washed with brine, dried over Na2SO4 and concentrated under reduced pressure to give he 

crude 225 as a yellow solid and was used next step without further purification.  

 To a solution of crude benzyl alcohol 225 in toluene (66 mL) was added Ac2O (17.3 mL, 183 mmol) and solid 

NaHCO3 (7.67 g, 91.3 mmol). The reaction mixture was stirred for 24 h at 50 ºC. The reaction mixture was cooled to 

room temperature, quenched with sat. aq. NaHCO3 and extracted with EtOAc three times. Combined organic layer were 

washed with brine, dried over Na2SO4 and concentrated under reduced pressure to give crude 226 as a yellow solid and 

was used next step without further purification.  

 The crude 226 was dissolved in DMF (66 mL), and NaSO2Ph (7.31 g, 36.5 mmol) was added. The reaction mixture 

was stirred for 24 h at 80 ºC, The resulting mixture was cooled to 0 ºC and acidified to pH 4 with aq. 3 M HCl. The 

mixture was added H2O and then yellow solid was formed. The precipitated product was filtrated and washed with H2O. 

The crude product was purified by recrystallization from hexane/EtOAc = 3/1 to afford 227 (5.70 g, 16.1 mmol, 88%, 

4 steps) as yellow needles. ; 1H-NMR (500 MHz, CDCl3) δ 10.34 (1H, s), 7.74-7.77 (3H, m), 7.62-7.65 (1H, m), 

7.47-7.50 (2H, m), 7.40 (1H, d, J = 3.0 Hz), 5.15 (1H, s), 4.50 (1H, s), 3.48 (1H, s), ; 13C-NMR (125 MHz, CDCl3) 

δ 149.21, 148.82, 138.18, 134.03, 133.19, 130.39, 128.99, 128.53, 120.33, 111.68, 95.08, 56.29, 55.34 ; mp 134–135 

ºC 
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(4S,5S,6R,Z)-6-((tert-butyldimethylsilyl)oxy)-9-hydroxy-5,7-dimethylnona-1,7-dien-4-yl 

1-azidocyclopropanecarboxylate (229) 

 To a solution of 1-azidocyclopropanecarboxylic acid 169 (381 mg, 3.00 mmol) and DMF (8 

µL, 0.10 mmol) in toluene (15 mL) was added oxalyl chloride (216 µL, 2.50 mmol) at 0 ºC. 

The reaction mixture was stirred for 3 h at room temperature. Meanwhile, in the separated 

flask, Et3N (697 µL, 5.00 mmol) and DMAP (12 mg, 0.10 mmol) were added to a solution of 

alcohol 212b (429 mg, 1.00 mmol) in toluene (5 mL). The carboxylic acid 169 solution was 

transferred by cannula to the alcohol 212b solution at 0 ºC. The reaction mixture was stirred for 14 h at that 

temperature before being quenched with brine. The organic materials were extracted with EtOAc three times and 

washed with brine. Combined organic layer were dried over Na2SO4 and concentrated under reduced pressure to give he 

crude 228 as a brown oil and was used next step without further purification. 

To a solution of the crude ester 228 in THF/H2O =1/1 (4 mL) was was added AcOH (6 mL) at room temperature. 

The reaction mixture was stirred for 72 h at that temperature before being quenched with aq. sat. NaHCO3. The 

reaction mixture was extracted with EtOAc three times and washed with brine. Combined organic layer were dried over 

Na2SO4 and concentrated under reduced pressure. The residue was purified by flush column chromatography (hexane 

to hexane/EtOAc =8/1) to give 229 (380 mg, 0.90 mmol, 2 steps 90%) as a colorless oil. ; 1H-NMR (500 MHz, 

CDCl3) δ 5.65-5.73 (1H, m), 5.47 (1H, dt, J = 7.1, 1.1 Hz), 5.05-5.09 (2H, m), 4.81-4.84 (1H, m), 4.23 (2H, d, J = 

8.0 Hz), 4.12-4.17 (1H, m), 2.30-2.37 (1H, m), 2.21-2.26 (1H, m), 2.08-2.12 (1H, m), 1.81 (3H, d, J = 0.9 Hz), 1.63 

(1H, s), 1.43 (2H, d, J = 3.1 Hz), 1.16-1.19 (2H, m), 1.02 (3H, d, J = 6.9), 0.88 (9H, s), 0.03 (3H, s), –0.01 (3H, s) ; 
13C-NMR (125 MHz, CDCl3) δ 171.14, 140.26, 133. 64, 126. 41, 117.94, 75.89, 58.58, 42.81, 41.16, 34. 37, 25.73, 

18.11, 16.84, 16.75, 11.35, –0.01, – 4.66, –5.09 ; mp 58–59 ºC 
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